Abstract: Hepatic hydrothorax is an important and difficult-tomanage complication of cirrhosis and portal hypertension. Here, we aimed to study its clinical features and natural history. Complete clinical data, including outcomes, were abstracted from hospital records of patients with cirrhosis and ascites admitted to University of Texas Southwestern University teaching hospitals from January 2001 to July 2012. Hepatic hydrothorax was diagnosed based on currently accepted clinical characteristics of the disease, including a known diagnosis of cirrhosis, the presence of portal hypertension, pleural fluid analysis, and the absence of primary cardiopulmonary disease.
INTRODUCTION
H epatic hydrothorax is an important complication of cirrhosis and portal hypertension. It has been historically described in patients with a large transudative pleural effusion (typically >500 mL), in whom a primary cardiopulmonary or malignant process has been excluded. 17, 31 Hepatic hydrothorax has been reported to occur in an estimated 4%-12% of patients with cirrhosis. 4, 17, 31, 36 The most commonly reported clinical manifestations of hepatic hydrothorax include symptoms associated with the complications of decompensated cirrhosis and may also include those associated with the pleural effusion, such as pleuritic symptoms: cough and shortness of breath. 4, 17 Hepatic hydrothorax is classically believed to present as an isolated right-sided pleural effusion, although bilateral effusions have been reported rarely. 10, 31, 33 It is thought to be most common in patients with cirrhosis and severe ascites, but there are reports of hydrothorax in patients with little to no ascites. 6, 10, 14, 15, 35 The management of hepatic hydrothorax typically includes medical management with diuretics and sodium restriction and therapeutic thoracentesis as needed. 4, 21, 30, 33 Dietary sodium restriction and diuretics are favored for long-term management or for treatment of mild pleural fluid accumulation, while therapeutic thoracentesis is commonly performed for acute relief of symptoms. 4, 21, 33 However, transjugular intrahepatic portosystemic shunts (TIPS), liver transplant, and surgical repair of diaphragmatic defects have also been advocated in some patients, typically those with refractory disease. 4, 9, 21, 22, 27, 33 Further, TIPS has been suggested as an ideal approach to bridge patients to liver transplantation. 36 We conducted the current study to better understand the natural history of hepatic hydrothorax, including clinical manifestations, objective findings, and outcomes. After carefully defining the criteria for a diagnosis of hepatic hydrothorax, we identified 77 patients, and herein describe their clinical phenotype and outcomes.
PATIENTS AND METHODS
The current study was a retrospective cohort investigation of patients admitted to the University of Texas Southwestern teaching hospitals, University of Texas Southwestern University Hospital (UH) and Parkland Memorial Hospital (PMH) from January 2001 to July 2012. Institutional review board approval was received from both institutions prior to data collection.
Patients were identified by matching International Classification of Diseases, 9th revision (ICD-9) codes for chronic liver disease and cirrhosis (ICD-9: 571.0-571.3, 571.40-571.41) and pleural effusion (ICD-9: 511.8, 511.9) using electronic medical records. Patient data, comorbidities, reported respiratory symptoms, radiologic tests, and pleural and peritoneal fluid analysis were abstracted. In patients with multiple admissions before, during, and after the time period noted above, the earliest admission data were included in the study.
Patients included in the study met the following criteria: 1) known diagnosis of cirrhosis, either biopsy-proven or based on the presence of clinical complications in the setting of a clinical scenario consistent with cirrhosis; 2) known diagnosis of pleural effusion based on plain film or computed tomography imaging; 3) pleural fluid consistent with the known characteristics of hepatic hydrothorax and not considered to be consistent with the presence of infection, malignancy, or other known chronic disease (outlined below); 4) no history of primary cardiopulmonary disorder, including but not limited to congestive heart failure; 5) evidence of portal hypertension as established by the presence of esophageal varices, portal hypertensive gastropathy, ascites, portal vein thrombosis, or an elevated hepatic venous pressure gradient (HVPG). Patients were excluded if they had known primary pulmonary malignancy or metastatic pulmonary lesions or tuberculosis, or were incidentally found to have a clinically insignificant pleural effusion, which was not evaluated by thoracentesis (Figure 1) .
Pleural fluid was characterized as being consistent with hepatic hydrothorax in patients with cirrhosis when the pleural fluid analysis was categorized as a transudate without evidence of primary cardiopulmonary disease, primary malignancy or metastatic disease, or active pulmonary infection. A transudate was defined as having either a pleural fluid to serum protein ratio of ≤0.50, a pleural fluid to serum lactate dehydrogenase (LDH) ratio of ≤0.6, or a pleural fluid LDH <143 units/L, which is two-thirds of the upper limit of normal for serum LDH (214) at our institutions. 12, 23 Patients were excluded in the setting of known infection, positive Gram stain, culture, or glucose <65 mg/dL. 4, 10, 31 Clinical data abstracted included patient demographics (age, sex, and race), presenting clinical features and symptoms, extensive laboratory data, and imaging that focused on laterality and sizing of pleural effusions and amount of ascites. The size of ascites was differentiated into the following categories based on predefined criteria assigned as previously described by the International Ascites Club 25 as follows: 1) minimal to small (only detectable by imaging studies), 2) moderate (symmetrical abdominal distension seen on physical exam), 3) large (gross ascites with significant abdominal distension), and 4) none.
Laboratory data abstracted included the following: 1) hemogram (white blood cell count [WBC] , hematocrit, and platelets); 2) serum chemistries (creatinine, LDH, and total protein); 3) liver studies (albumin, total bilirubin, and international normalized ratio [INR] ); 4) pleural fluid (pH, glucose, LDH, albumin, total protein, and cell count); and 5) ascites fluid (albumin, total protein, and cell count).
Treatment modalities and deaths were identified via the electronic medical record as well as public death records. Three main treatment modalities were identified: 1) diuretics and/or therapeutic thoracentesis alone, 2) TIPS, and 3) liver transplant. The average presentation time to death was calculated based on the date of first hospital admission to UH/PMH to the date of recorded death. The hospital admission to UH/PMH was recorded as either the initial presentation with hepatic hydrothorax or was identified as a subsequent admission.
Causes of death were classified into 8 categories, based on clinical judgment according to the information provided by electronic medical records, as follows: gastrointestinal bleeding, cardiac or respiratory failure, renal failure, liver failure or cirrhosis complications, sepsis, multiorgan dysfunction syndrome, terminal malignancy, or other using predefined definitions as previously reported. 1, 2, 7, 18, 34, 38 Gastrointestinal bleeding (also hemorrhage) was defined as ongoing bleeding in the setting of multiple transfusions. Respiratory failure was defined as evidence of primary respiratory diseases with need for mechanical ventilation. Renal failure or hepatorenal syndrome was defined as dialysis requirement with no urine output. Sepsis was defined as sepsis syndrome, including positive blood cultures, hypotension, and fever or hypothermia. Multiorgan dysfunction syndrome was defined as the presence of altered organ function in acutely ill patients such that homeostasis could not be maintained without intervention. We (RB and DCR) adjudicated the cause of death in a blinded fashion (without knowledge of the primary physician's conclusion as to the cause of death), and agreed on the cause of death in all cases that could be determined. The cause of death was able to be clearly determined in 16 of 44 (36%) cases, because many patients died out of the hospital, and records surrounding the immediate cause of death were not available.
RESULTS

Demographics
During the study period, a total of 495 patients with cirrhosis and pleural effusion were identified. Of those, 77 patients met the criteria for diagnosis of hepatic hydrothorax as defined in the Methods (see Figure 1 ). Men were more commonly found to have hepatic hydrothorax than women, and the average age was 52 years (Table 1) . Hispanics and non-Hispanic whites were the most commonly represented ethnicities at 45% and 51%, respectively; we note that despite a substantial population of African American patients cared for at both PMH and UH, 5, 28 there was only 1 African American patient (1%) in the entire study cohort.
Among the patients with cirrhosis and pleural effusion who were excluded from the analysis, there were 16% African Americans, consistent with the population of African Americans in these hospitals. 5, 28 Alcohol was the most common cause of cirrhosis, followed closely by hepatitis C (see Table 1 ). 
Clinical Presentation
At the time of presentation, most patients typically had multiple complaints, with the most commonly reported symptoms being dyspnea at rest (34%), cough (22%), nausea (11%), and pleuritic chest pain (8%) ( Table 2) . Twenty percent of all patients included a nonpulmonary complaint, while 4 of 77 (5%) had only nonpulmonary complaints. Nearly three-quarters of patients (56 of 77; 73%) were found to have right-sided only pleural effusions. Left-sided only effusions were found in 13 (17%) and bilateral effusions in 8 (10%) patients ( Figure 2 ). The majority (71%) of pleural effusions were defined as large in size, according to radiologic criteria, with evidence of compression atelectasis (see Table 2 ). For most patients (53 of 77; 69%), the index hospital admission to UH/PMH was the initial presentation with hepatic hydrothorax.
Ascites was present in the vast majority of patients (70 of 77). Classified by size according to predefined criteria, 25 13% of patients had large ascites, nearly one-third of patients had moderate ascites, and most patients had minimal or small ascites. Seven (9%) patients did not have detectable ascites (see Table 2 and Figure 3 ). Five percent of patients had portal venous thrombosis.
Laboratory Features
Blood, pleural fluid, and peritoneal fluid were obtained routinely (Tables 3 and 4 ). Laboratory data were notable for the absence of leukocytosis in most patients; the mean WBC was 8.0 Â 10 9 /L. Anemia and thrombocytopenia were typical. The serum LDH was minimally elevated, while serum albumin levels were typically very depressed. Nearly all patients had evidence of substantial liver dysfunction, including elevated bilirubin levels and PT-INRs. Creatinine levels were often abnormal (mean, 1.2 mg/dL; median, 0.82 mg/dL). The mean Model for End-Stage Liver Disease (MELD) score was 16 (range, 3-47), reflecting underlying liver dysfunction. Most patients were classified as either Child-Pugh Class B (50%) or Class C (47%) at the time of presentation (see Table 3 ).
Pleural fluid studies demonstrated transudative features in effusions (see Table 4 ), including a relatively high pH (7.7 ± 0.2) and glucose (131 mg/dL ± 45), and low LDH (87 units/L ± 76). Albumin and total protein levels were typically low in pleural fluid (see Table 4 and Figure 4 ). The serum to pleural fluid albumin gradient (SPAG) mirrored the serum to ascites fluid albumin gradient (SAAG). Simultaneous serum albumin and pleural fluid was available for 48 patients and was greater than or equal to 1.1 g/dL in all patients (mean, 1.9 g/dL; range, 1.1-3.2) ( Figure 5 ). Of note, in patients with cirrhosis and pleural effusion not consistent with hepatic hydrothorax as outlined in the Methods, the SPAG was varied, and was usually below 1.1 g/dL, particularly for patients with infection or malignancy (see Figure 5) . SAAG was also available in 16 patients, and was greater than 1.1 g/dL in all patients. Seven patients had SPAG and SAAG performed simultaneously; their mean values were comparable (SPAG, 2.1 ± 0.7 and SAAG, 2.4 ± 0.6 g/dL). The average total pleural fluid protein for these patients was 1.2 ± 0.5 g/dL (see Table 4 ).
The average total pleural fluid protein for all patients was 1.3 ± 0.8 g/dL (see Table 4 ). In 62 of 69 patients (90%), the pleural fluid total protein was ≤2.5 g/dL (see Figure 4) . In comparison, patients with effusions not characterized as hepatic hydrothorax had much higher levels of total protein in the pleural fluid: approximately two-thirds of patients with cardiacmediated effusions had a total protein level <2.5 g/dL, 38% of those with infectious disease, 20% with malignancy, and 40% of patients with primary pulmonary disease (see Figure 4) . In the 7 patients (10%) with pleural fluid protein >2.5 g/dL (mean, 3.1; max, 4.1 g/dL), there was an elevation in the mean pleural fluid red blood cell (RBC) count (17,310/μL). The mean pleural fluid LDH for these patients was 110 ± 46 units/L, and the mean pleural WBC was 605 ± 558/μL. All 7 patients had a SPAG ≥1.1 g/dL (mean, 1.8 ± 0.7 g/dL). Of note, these patients with elevated pleural fluid protein were also on diuretics at time of presentation. Nucleated cells were common in pleural fluid; the cell count differential typically included more lymphocytes and mononuclear cells than polymorphonuclear cells. A large of number of RBCs was present in many patients (see Table 4 ).
Treatment and Outcome
Medical management was the most common therapeutic approach (64 of 77; 83%) and included treatment with sodium restriction, diuretics, and/or therapeutic thoracentesis. A total of 8 patients (10%) underwent TIPS, and 5 (7%) underwent liver transplant. The indication for TIPS was refractory ascites and/or refractory hepatic hydrothorax. In all, 44 of 77 (57%) patients died during a mean follow-up of 12 months (Table 5 ). The mean duration from initial presentation to death in the 44 patients was 368 days, and the median survival was 167 days. In the 66 patients who were followed until death or to a minimum of 1 year, 39 patients survived; and, in the 33 patients who were followed until death or to a minimum of 2 years, 24 patients survived. Among the entire cohort, 5 patients were lost to follow-up within 1 year, 3 patients were lost to follow-up within 2 years, and 4 patients were lost after 2 years of followup. Among the various treatment groups, survival was shortest in patients receiving diuretics and/or thoracentesis (mean, 321 days after initial presentation); patients who had undergone TIPS lived an average of 845 days; and those with liver transplant were all still alive at the time of the study (the mean follow-up for these patients was 1896 days; see Table 5 ). Among the cohort, 69 of 77 (90%) patients were alive 30 days from index hospital admission: mean MELD, 14 (3-46); 62 of 77 (81%) patients were alive after 30 days using from the most recent admission to the hospital (that is, thus including those with multiple admissions): mean MELD, 14 (3-49). The 90-day survival was 74% (57 of 77) in those after the last admission (mean MELD, 14; 3-49). In patients in whom the specific cause of death was able to be ascertained (n = 16; 36%), hepatic hydrothorax was considered to be directly related to death in 3 patients (19%). In the patients who died from respiratory failure (2 Child-Pugh Class C and 1 Class B), the mean MELD score for these patients was 16, and they died an average of 105 days after presentation. Other known causes of mortality included multiorgan dysfunction syndrome, sepsis, renal failure, respiratory failure, and gastrointestinal hemorrhage (Table 6 ).
DISCUSSION
In this study, we identified a large number of patients with cirrhosis and one or more pleural effusions; approximately 16% of which were due to hepatic hydrothorax according to the criteria outlined in the Methods. The current study is comparable to previous literature on the topic of hepatic hydrothorax; we provide a large cohort with comprehensive analysis of the demographic, characteristics, laboratory evaluation and outcome data in this unique patient population (Table 7) . 13, 16, 19, 22, 24, 27, 37 The clinical presentation was in general consistent with that reported previously. 4 ,10 However, we identified a substantial number of patients with hepatic hydrothorax who had what might be considered atypical presentations, including several patients with leftsided only effusions, bilateral pleural effusions, and nearly 10% with pleural effusion without ascites. Notably, we also found that the prognosis of patients with hepatic hydrothorax was poor.
Based on our data, we suspect that patients with hepatic hydrothorax may have worse outcomes than would be predicted based on MELD model predictions alone. The mean MELD score of the entire cohort at time of index admission was 16. Additionally, patients with hepatic hydrothorax who died from respiratory failure (2 Child-Pugh Class C and 1 Class B) had low MELD scores (mean, 16), and they died an average of 105 days after presentation, a much shorter survival period than would be predicted based on MELD alone (a MELD score between 10 and 19 is expected to confer a 3-month mortality of approximately 6.0%-7.7%. 26, 39 ) Additionally, most telling was that the 90-day survival after the most recent admission was 74% (57 of 77) despite a mean MELD score of 14, suggesting a poorer survival than predicted based on MELD. While these data suggest that some patients with hepatic hydrothorax die not of liver failure, but of complications arising from their pulmonary disease, we would emphasize that we were not able to ascertain the specific cause of death in all patients that died. Thus, based on this cohort, we would urge caution in drawing firm conclusions about the most likely reasons for death in patients with hepatic hydrothorax.
The pathophysiology underlying hepatic hydrothorax remains incompletely understood. 4, 6, 14, 15, 31, 35 The most common view is that the pleural effusion arises from the passage of peritoneal fluid into the pleural cavity through varied size diaphragmatic defects assisted by negative intrathoracic pressure resulting from inspiration. 4, 31 This mechanism presupposes that in situations where there is no ascites, there is complete equilibrium between the amount of ascites produced and that present in the pleural space; this is consistent with previous reports. 4, 6, 14, 31, 33 We found that management of hepatic hydrothorax was similar to management of portal hypertensive ascites, including medical management with diuretics and sodium restriction, therapeutic removal of fluid, TIPS, and liver transplant. 4, 9, 21, 33, 40 Some reports have documented successful treatment of refractory hepatic hydrothorax in patients who do not meet criteria for TIPS with video-assisted thoracoscopic surgery (VATS) repair of diaphragmatic defects. 22, 33 However, this highly specialized approach was not attempted in any of our patients. Previous reports have commented on the use of chest tube drainage, largely emphasizing its ineffectiveness (see Table 7 ). 11, 20, 27 Notably, we did not identify any patient in our cohort who underwent this treatmentthis is consistent with the clinical practice at our institutions, where chest tubes are discouraged in this clinical condition. Only 13 (17%) patients in our study underwent TIPS or liver transplantation, despite the fact that outcomes seemed to be better with these approaches (31% mortality with TIPS or transplantation vs. 63% mortality for medical therapy alone).
The overall outcome of patients in our cohort was poor, with approximately half of patients dying within 1 year of presentation. We found that patients who underwent TIPS or liver transplantation had substantially longer periods of survival. While it is attractive to speculate therefore that TIPS and/or liver transplantation may be better treatment options than medical management, we urge caution in interpretation of these data. First, only a small number of patients underwent TIPS or transplant (15% of the total cohort). Second, it is possible that patients with a more favorable prognosis were intentionally selected for TIPS or liver transplantation (see Table 5 ). For example, the MELD scores for patients managed with TIPS were lower (mean, 12; range, 7-28) than patients treated with medical management alone (mean, 16; range, 4-46). Further, selection of patients for transplant is extremely complicated, and while patients with advanced liver disease are by definition selected, transplant candidates typically have few comorbid conditions. Thus, drawing conclusions based on small numbers of patients retrospectively may lead to inaccurate conclusions.
We propose here that the term "serum to pleural fluid albumin gradient (SPAG)" be used to describe the gradient between serum and pleural fluid for albumin. In addition, although a previous study revealed that pleural fluid protein and albumin levels were higher than we found, 32 the SPAG was at least 1.1 g/dL in 100% of patients reported here (see Figure 5 ), and that SPAG was similar to the SAAG in essentially all patients where data were available. Thus, as with SAAG, SPAG is also consistent with the portal hypertensive pathophysiology of hepatic hydrothorax. Further, in patients without hepatic hydrothorax, the SPAG was typically below the 1.1 g/dL threshold. Therefore, we speculate that this test is useful in both the understanding of the pathogenesis of hepatic hydrothorax and the analysis of patients with cirrhosis and pleural effusion. Future studies should investigate SPAG in patients with pleural effusion without hepatic hydrothorax.
In the 7 patients with high total pleural fluid protein values, all had high pleural fluid RBC counts. Thus, it is possible that these RBCs may have elevated the total fluid protein levels. We were unable to identify studies outlining the prevalence or significance of RBCs in hepatic hydrothorax, and the few studies that report RBC pleural fluid findings include a range of 60-60,800/μL. 10 Also, all 7 patients were on diuretics at the time of presentation, consistent with other reports of patients with hepatic hydrothorax who had elevated pleural fluid protein. 3, 8, 10, 23, 29 An interesting finding of our study was that hepatic hydrothorax was largely restricted to 2 major ethnic groups, nonHispanic whites and Hispanics. In contrast, African Americans were under-represented, despite the fact that cirrhosis occurs commonly in African American patients, including in patients at our hospitals. 28 We are unable to explain this apparent Large: 1 C = 1 *Days from presentation until death are calculated for patients who underwent medical management or TIPS. The data for the transplant group reflect days from initial presentation until the end of the study, as no deaths were recorded among this group. discrepancy in the prevalence of hepatic hydrothorax. While these data lead us to speculate that there could be a predisposition to diaphragmatic defects in certain racial groups, we would emphasize that this point is speculative, and that future studies conducted in racially diverse populations could help address this issue.
We recognize limitations of this study. First, we found that some patients were lost to follow-up. This could have biased the reported outcome data such that outcomes were actually worse overall than reported here. However, based on our clinical experience, we do not feel that the reasons for lack of follow-up were systematically related to a specific clinical situation (such as resolution or worsening of disease), and thus, we believe that the follow-up available for the patients in whom it was present was likely representative and reflected the natural history of hepatic hydrothorax. It should be pointed out that patients were included in this study only by meeting rigorous and specific guideline criteria from pleural fluid analyses and clinical features. Thus, it is possible that some patients with hepatic hydrothorax may not have been included in the analysis, and therefore we have likely underestimated the prevalence of hepatic hydrothorax in patients with cirrhosis and pleural effusions.
In summary, we have described a large cohort of patients with hepatic hydrothorax in which the presentation was often characterized by a constellation of hepatic and pulmonary symptoms, although the pulmonary picture dominated the clinical picture in some patients. We also identified a substantial number of patients with atypical presentations, including isolated left pleural effusion or pleural effusion without ascites. We speculate that it is essential to make an early and accurate diagnosis so as to direct specific therapy. Outcomes in this cohort were generally poor, with the best outcomes found in patients undergoing TIPS or liver transplantation. Future studies, likely requiring multiple centers, should rigorously assess the different diagnostic criteria and treatment modalities typically used in these patients. 13.5%
1.6
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Abbreviations: N/A = not available, PFTP = pleural fluid total protein, VATS = video-assisted thoracoscopic surgery.
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